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1
KNITTING MACHINE WITH ELECTRONIC
AUXILIARY COMPONENT

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 15/941,577, filed Mar. 30, 2018, and issuing on May 19,
2020 as U.S. Pat. No. 10,655,254, which claims the benefit
of U.S. Provisional Application No. 62/479,698, filed Mar.
31, 2017, which is hereby incorporated by reference in its
entirety. Each application listed in this paragraph is hereby
incorporated by reference in its entirety.

BACKGROUND

A variety of articles are formed from textiles. As
examples, articles of apparel (e.g., shirts, pants, socks,
footwear, jackets and other outerwear, briefs and other
undergarments, hats and other headwear), containers (e.g.,
backpacks, bags), and upholstery for furniture (e.g., chairs,
couches, car seats) are often at least partially formed from
textiles. These textiles are often formed by weaving or
interlooping (e.g., knitting) a yarn or a plurality of yarns,
usually through a mechanical process involving looms or
knitting machines. One particular object that may be formed
from a textile is an upper for an article of footwear.

Knitting is an example of a process that may form a
textile. Knitting may generally be classified as either weft
knitting or warp knitting. In both weft knitting and warp
knitting, one or more yarns are manipulated to form a
plurality of intermeshed loops that define a variety of
courses and wales. In weft knitting, which is more common,
the courses and wales are perpendicular to each other and
may be formed from a single yarn or many yarns. In warp
knitting, the wales and courses run roughly parallel.

Although knitting may be performed by hand, the com-
mercial manufacture of knitted components is generally
performed by knitting machines. An example of a knitting
machine for producing a weft knitted component is a V-bed
flat knitting machine, which includes two needle beds that
are angled with respect to each other. Rails extend above and
parallel to the needle beds and provide attachment points for
feeders, which move along the needle beds and supply yarns
to needles within the needle beds. Standard feeders have the
ability to supply a yarn that is utilized to kait, tuck, and float.
In situations where an inlay yarn is incorporated into a
knitted component, an inlay feeder is typically utilized.

One common problem with existing knitting machines is
the inability to detect broken needles. When a needle breaks,
it can interrupt the knit structure of a knitted component,
which often requires the knitted component to be discarded
as scrap. This problem may go undetected for extended
periods of time, especially when the knitting machine is
operating automatically without continuous human oversite.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration showing a knitting machine in
accordance with the present disclosure.

FIG. 2 is an illustration showing a knitting machine with
an auxiliary component in accordance with the present
disclosure.

FIG. 3 is an illustration showing a side view of the
knitting machine of FIG. 2 having a carriage with the
auxiliary component in accordance with the present disclo-
sure.
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FIG. 4 is an illustration showing side view of the knitting
machine of FIG. 3 and having a needle stuck in an actuated
position.

FIG. 5 is an illustration showing an auxiliary transport
device with two auxiliary components in accordance with
the present disclosure.

FIG. 6 is an illustration showing a perspective view of the
auxiliary transport device of FIG. 5 on a rail of a knitting
machine and operated via a belt drive in accordance with the
present disclosure.

DETAILED DESCRIPTION

Various aspects are described below with reference to the
drawings in which like elements generally are identified by
like numerals. The relationship and functioning of the vari-
ous elements of the aspects may better be understood by
reference to the following detailed description. However,
aspects are not limited to those illustrated in the drawings or
explicitly described below. It also should be understood that
the drawings are not necessarily to scale, and in certain
instances details may have been omitted that are not neces-
sary for an understanding of aspects disclosed herein, such
as conventional fabrication and assembly.

FIG. 1 shows a knitting machine 100 with two needle
beds (a front or first needle bed 102 and a back or second
needle bed 104) that are angled with respect to each other
(e.g., thereby forming a V-bed). The needles of the first
needle bed 102 may lay on a first plane, and the needles of
the second needle bed 104 may lay on a second plane. The
first plane and the second plane may be angled relative to
each other and meet to form an intersection (or axis) that
extends along a majority of a width of the knitting machine
100. The needles each may have a first or neutral position
where they are retracted and a second or extended position
where they are extended. In the neutral position, an end of
the needles is spaced from the intersection, and in the
extended position, the needles pass through the intersection.
The needles, needle beds, and intersection are described in
additional detail in U.S. patent application Ser. No. 13/048,
540, patented as U.S. Pat. No. 9,060,570, which is herein
incorporated by reference in its entirety.

One or more rails 106 may extend above and parallel to
the intersection and may provide attachment points for one
or more feeders 108. Herein, the rails 106 are defined by a
track for which a feeder 108 may couple to in a movable
manner. The rails 106 may be secured to a body 107, where
the body 107 includes a rail 106 on each side (e.g., on two
sides as shown) (and where each of the rails 106 are
configured to couple to a different feeder 108). Two rails 106
are included in the depicted embodiment, but more or fewer
than two rails 106 may be included. The feeders 108 may
include a dispensing area 110 located near the intersection
and configured to dispense a yarn 112 to at least one of the
first needle bed 102 and the second needle bed 104 as it
moves along the intersection.

The knitting machine 100 may include a carriage 114
(with includes an upper portion 115 for communication with
the feeders 110 a lower portion 114 (also called a cam box)
for communication with cams beneath the needle beds 102
that is movable along the first needle bed 102 and the second
needle bed 104. An upper portion 116 of the carriage 114
may include a set of plungers (not shown) that can selec-
tively engage at least one of the feeders 108 such that the
feeder 108 that is engaged moves along one of the rails 108
as the carriage 114 moves. As the carriage 114 moves along
the first needle bed 102 and the second needle bed 104, the
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carriage 114 may selectively actuate needles of the first
needle bed 102 and/or the second needle bed 104 such that
the actuated needles move from the default position to the
extended position. The actuation may be the result of a set
of cams (not shown in FIG. 1) of the carriage 114 making
contact with a butt portion of the needles and forcing the
needles to move from the default position to the extended
position as the carriage 114 passes. Due to the action of the
carriage 114, the feeder 108, and the needles, the yarn 112
may be dispensed from the feeder 108 and to the needles of
at least one of the first needle bed 102 and the second needle
bed 104.

Referring to FIG. 2, in some embodiments, a carriage 420
of a knitting machine 400 (and potentially multiple car-
riages) may include an interface 444 for providing power to
at least one auxiliary component 446. The auxiliary com-
ponent 446 may be selectable from a variety of auxiliary
components that can interact with the interface 444. For
example, the auxiliary component may include a light, a
camera, a sensor, a cutting device, or any other suitable
auxiliary component. The interface may be any suitable type
of interface, including (but not limited to) a USB port, a
standard power receptacle (such as a receptacle compatible
with a NEMA-1 or NEMA-5 connector in North America
and the equivalent in other locations, for example), a parallel
port (e.g., a DB-25 port), and a serial port (e.g., a DE-9 port).
Advantageously, the auxiliary component 446 may be
coupled to the carriage 420 such that it moves along a needle
bed with the carriage and is thereby continuously near the
knitting action (e.g., the looping of yarns on the needles),
which may provide the ability of the auxiliary component
446 to perform operations that affect the yarn just before,
during, or after it is looped on a needle, to collect informa-
tion about the knitting process, the yarn, or the knitting
machine and relay that information to the knitting machine
and/or a user, etc. When the interface 444 provides power
(e.g., in the form of electricity), the power may be provided
to the carriage 420 by extending a cable 448 to the carriage
420 from a location (e.g., a location that is static with respect
to the frame) via a cable 448, wirelessly, or by another
suitable device or method. While not shown, it is contem-
plated that the knitting machine 400 may include a cable
management device to manage slack in the cable as the
carriage 420 moves.

In some embodiments, the interface 444 may be capable
of unilateral or bilateral communication between the auxil-
iary component 446 and a control system 450 of the knitting
machine (or another control system). When bilateral com-
munication is provided by the interface 444, the knitting
machine may receive a feedback signal 452 from the aux-
iliary component 446 (e.g., such that the feedback signal 452
is received by the control system 450 of the knitting machine
400). The knitting machine 400 may adjust its operation in
response to the feedback signal 452. For example, the
knitting machine 400 may adjust a knitting sequence in
response to the feedback signal 452 to account for certain
conditions, such as particular environmental conditions,
machine damage, yarn breakages, etc. In some embodi-
ments, the knitting machine may be capable of terminating
a knitting process in response to the feedback signal 452
(e.g., when the feedback signal 452 indicates a broken
needle discovered by the auxiliary component 446).

The auxiliary component may be a sensor configured to
sense at least one environmental condition. For example, the
auxiliary component may include a temperature sensor 454
and/or a barometer 456. This may be advantageous for
providing information to the control system 450 such that
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the control system 450 can take the environmental condi-
tions into account by modifying certain characteristics of the
knitting process (e.g., knitting speed, yarn tension, etc.). The
result may be a safer, more efficient, and more effective
knitting process.

A side view of the carriage 420, as well as two needle beds
402, are shown in FIG. 3. As shown, the carriage 420 may
include an upper portion 415 for cooperating with a set of
feeders 410 and a lower portion with a cam box 414. The
cam box 414 may run along the needles 403 of the needle
beds 402. As shown, the auxiliary component 446 may
include a sensor 455 which is configured to detect a dis-
placed or broken needle 403. The sensor 455 may be a laser
sensor, a camera, a metal detector, or any other suitable
sensor device.

FIG. 4 shows the knitting machine of FIG. 3, where a
needle is stuck in the “up” or actuated position. When this
occurs, the loops or other knit structure of a knitted com-
ponent formed on the knitting machine may be compro-
mised since the needle 403 is not operating properly, which
may result in the knitted component being discarded as
scrap. More seriously, the carriage 420 and/or the feeder 410
(FIG. 3) may contact the needle 403 during the knitting
process, which may damage the knitting machine and
require maintenance (e.g., replacement of the needle, which
is associated with significant machine downtime). In other
circumstances, the needles 403 may break (e.g., due to
wear), which may also interrupt the knitting process and/or
require the knitted component to be discarded.

The sensor 455, which may be a laser sensor, camera, etc.,
may be located on an end of the cam box 414, and config-
ured to detect when the needle is stuck in the actuated
position. Locating the sensor 455 at the end 460 (see also
FIG. 2) of the cam box 414 may be advantageous since the
needles 403 may be located in the “down” or unactuated
position when the end 460 passes over those needles 403
when the knitting machine is working properly (i.e., since
they are typically only actuated into the “up” position when
near the center if the cam box 414 due to the placement of
the cams). Thus, the sensor may operate by viewing (e.g.,
with a laser or camera) or otherwise sensing (e.g., through
metal detection) the presence of the needle 403 in the “up”
position as the end 460 of the cam box 414 passes over the
needle 403. Once the needle 403 is detected in an improper
location, the sensor 455 may electronically send a signal to
the control system 450 (FIG. 2), and the control system 450
(FIG. 2) may appropriately respond (e.g., by shutting down
the knitting operation, indicating a potential issue to the
operator through the interface 450, etc.).

The sensor 455 may additionally or alternatively be
configured to detect the presence of a broken or missing
needle. For example, in some embodiments, the sensor 455
may be located at a location of the cam box 414 where the
needles properly extend to the “up” or actuation position to
cooperate a feeder (e.g., near the center of the cam box 414),
and thus the lack of a sensor signal corresponding to a needle
403 may indicate a problem with the needle 403 when the
needle is supposed to be actuated. The control system 450
(FIG. 2) may then react appropriately to prevent or control
damage to the knitted component and/or the knitting
machine.

In some embodiments, a separate auxiliary transport
device 514 may house and transport the auxiliary component
546 rather than the carriage (or, the carriage may include an
auxiliary component while the auxiliary transport device
514 includes a different auxiliary component), as shown in
FIG. 5. Referring to FIG. 5, the auxiliary component 546
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may be an electronic device and may include any of the
features described with respect to the auxiliary components
above, may be included on an auxiliary transport device 514
with an upper portion 516 coupled to a rail 506 of the
knitting machine. While not shown, the auxiliary transport
device 514 may be wired to a control system, a stationary
user interface, etc. in a manner similar to the wiring of the
above-described carriage with the auxiliary component 446
(FIG. 2). In the depicted embodiment, a first auxiliary
component 546a is associated with the first needle bed 502a,
and a second auxiliary component 5465 is associated with a
second needle bed 5025 (and it is noted that the dashed lines
indicate the “up” or actuated position of the needles). Each
of the first auxiliary component 5464 and the second aux-
iliary component 5465 may include a sensor (e.g., a laser,
camera, metal detector, or any other suitable sensor) for
monitoring the operation and health of the needles 503. For
example, the auxiliary transport device 514 may run back
and forth along the rail 506 such that the first auxiliary
component 546a and the second auxiliary component 5465
run back and forth along the needle beds 502 to view or
otherwise detect the health of the needles 503. This may
occur continuously during knitting, upon predetermined
time intervals, and/or upon a predetermined number of
carriage passes. While not shown, in other embodiments, the
auxiliary transport device 514 may additionally or alterna-
tively include other auxiliary components, such as a tem-
perature sensor, a barometer, etc. that collect and relay
information about the yarn and/or loops of the knitted
component, and/or the atmospheric conditions. Also, like the
auxiliary component 446 described above (see FIG. 2), the
auxiliary components 546a and 5645 may be coupled to a
control system (such as the control system 450 of FIG. 2),
and may provide feedback for determining operating param-
eters of the knitting machine. The auxiliary components
502a and/or 50256 may additionally or alternatively include
devices other than sensors for performing a function during
manufacturing of the knitted component, such as a cutting
device, moisture or adhesive-application device, a heating
device, etc. While not shown, the auxiliary transport device
514 may include a port (like the port or interface 444 of FIG.
2 such that different auxiliary components can be selectively
used with the auxiliary transport device 514.

FIG. 5 shows a perspective view of the auxiliary transport
device 514 of FIG. 4 having the auxiliary components 546a
and 546b. The upper portion 516 of the auxiliary transport
device 514 may have wheels and/or other suitable devices
for moving the auxiliary transport device 514 along the rail
506. While the auxiliary transport device 514 may be
configured to be moved with the carriage 520 (ie., in a
manner similar to a feeder), it is also contemplated that the
auxiliary transport device 514 may be actuated indepen-
dently from the carriage 520.

The auxiliary transport device 514 may be coupled to an
actuator 522 configured to move the auxiliary transport
device 514 such that the auxiliary components 546a and
54656 move along the needle beds of the knitting machine,
and/or along loops of the knitted component, as shown. The
auxiliary transport device 514 is preferably movable inde-
pendently of the carriage 520 (i.e., due to actuation of the
actuator 522), but in other embodiments, it may instead (or
additionally) be actuated by the carriage 520 (e.g., in a
manner similar to actuation of a knitting feeder 208 of FIG.
1). For example, the auxiliary transport device 514 may be
coupled to the actuator 522 via a belt 524 (which may be
embodied as a chain, a flexible band, a conveyor, or another
suitable device coupling the actuator with the auxiliary
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transport device 514). The location of the auxiliary compo-
nents 546a and 5465 may be selected such that they do not
interfere with the needles 503 or the carriage 520 during
knitting (e.g., they may be located above the needles 503
even when the needles are fully extended such that they
cannot contact the needles 503 when they pass over the
needles 503). Optionally, the upper portion 516 of the
auxiliary transport device 514 may be given its own rail 506
such that it can operate without getting in the way of a
knitting feeder 510, but in other embodiments, the upper
portion 516 may share a rail 506 with another component
(e.g., another auxiliary transport device 514 with additional
auxiliary components, a knitting feeder, etc.).

Advantageously, by including the independently-movable
and independently-controllable auxiliary transport device
514, the knitting machine may substantially increase its
flexibility with respect to certain features since the move-
ment of the auxiliary transport device 514 is not dependent
on the position/movement of the carriage 520 (which also
typically has the task of moving the knitting feeders). For
example, the actuator 522 may move the auxiliary transport
device 514 along the needles 503 without considering opera-
tion of the carriage 520 and the knitting feeders 510 to
provide continuous information regarding the needles 503,
environmental conditions, loops of the knitted component,
etc. without being impacted by certain motions of the
carriage 520 required for knitting certain structures.

In the present disclosure, the ranges given either in
absolute terms or in approximate terms are intended to
encompass both, and any definitions used herein are
intended to be clarifying and not limiting. Notwithstanding
that the numerical ranges and parameters setting forth the
broad scope of the present embodiments are approximations,
the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily
resulting from the standard deviation found in their respec-
tive testing measurements. Moreover, all ranges disclosed
herein are to be understood to encompass any and all
subranges (including all fractional and whole values) sub-
sumed therein.

Furthermore, the present disclosure encompasses any and
all possible combinations of some or all of the various
aspects described herein. It should also be understood that
various changes and modifications to the aspects described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present disclosure and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

We claim:

1. A knitting machine, the knitting machine comprising:

a needle bed;

a carriage that is movable along the needle bed, wherein
the carriage engages at least one feeder to move a
dispensing area of the feeder along the needle bed
while dispensing a yarn; and

at least one sensor that is fixed to the carriage such that the
sensor moves relative to the needle bed when the
carriage moves along the needle bed,

wherein a control system of the knitting machine adjusts
movement of the carriage based on feedback received
form the at least one sensor, wherein the at least one
sensor is a laser sensor, and wherein the laser sensor
determines when a needle of the needle bed is damaged
or broken and then sends a feedback signal to the
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control system of the knitting machine to indicate that
the needle is damaged or broken.

2. The knitting machine of claim 1, the carriage includes
a USB port.

3. The knitting machine of claim 2, wherein a cable
extends from a power supply of the knitting machine to the
carriage to provide the power to the USB port.

4. The knitting machine of claim 1, wherein the knitting
machine adjusts a knitting sequence in response to a feed-
back signal received by the control system from the at least
one sensor.

5. The knitting machine of claim 1, wherein the knitting
machine terminates a knitting process in response to a
feedback signal received by the control system from the at
least one sensor.

6. The knitting machine of claim 1, wherein the at least
one sensor includes a temperature sensor.

7. The knitting machine of claim 1, wherein the at least
one sensor includes a barometer.

8. The knitting machine of claim 1, wherein the at least
one sensor detects at least one environmental condition.

9. A knitting machine, the knitting machine comprising:

aneedle bed comprising a first set of needles and a second
set of needles;

a carriage that is movable along the needle bed and
actuates each of the first set of needles and the second
set of needles; and

a laser sensor that is fixed to the carriage such that the
laser sensor moves relative to the needle bed when the
carriage moves along the needle bed,

wherein a control system of the knitting machine adjusts
movement of at least one of the carriage, a feeder, and
the needle bed based on feedback received form the
laser sensor, and wherein the laser sensor determines
when a needle of the needle bed is damaged or broken
and then sends a feedback signal to the control system
of the knitting machine to indicate that the needle is
damaged or broken.
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10. The knitting machine of claim 9, the carriage includes
a USB port.

11. The knitting machine of claim 10, wherein a cable
extends from a power supply of the knitting machine to the
carriage to provide the power to the USB port.

12. The knitting machine of claim 9, wherein the knitting
machine adjusts a knitting sequence in response to a feed-
back signal received by the control system from the laser
Sensor.

13. The knitting machine of claim 9, wherein the knitting
machine terminates a knitting process in response to a
feedback signal received by the control system from the
laser sensor.

14. The knitting machine of claim 9, wherein the laser
sensor detects a temperature near the needle bed.

15. The knitting machine of claim 9, wherein the laser
sensor senses at least one environmental condition.

16. A method, comprising:

knitting a knitted component using a knitting machine

having a needle bed and a carriage,

wherein the carriage is movable along the needle bed,

wherein the carriage engages at least one feeder to
move a dispensing area of the feeder along the needle
bed while dispensing a yarn,
wherein at least one sensor that is fixed to the carriage
such that the sensor moves relative to the needle bed
when the carriage moves along the needle bed, and

wherein a control system of the knitting machine adjusts
movement of the carriage based on feedback received
form the at least one sensor, wherein the at least one
sensor is a laser sensor, and wherein the laser sensor
determines when a needle of the needle bed is damaged
or broken and then sends a feedback signal to the
control system of the knitting machine to indicate that
the needle is damaged or broken.
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